sphere to simulate the transport history of excess •4C, using 
What then is unique about excess 14C, and how can it
lead to a refinement of the transport component of a twodimensional model? First, excess 14C (as 14CO2) is a chemically inert tracer in the stratosphere. Its distribution, once we set the initial conditions using observations, is governed only by transport. There are no uncertainties due to chemical production or loss. Second, the source of excess 14C
is impulsive rather than quasi-steady. The ultimate disappearance of this radioactive material from the stratosphere provides an absolute calibration for mass exchange between the stratosphere and the troposphere. In fact, it was the study of the dissipation of stratospheric radioactive debris that first yielded estimates of the rate of mass exchange between the troposphere and the middle atmosphere [Reed and A third advantage in using excess •4C is that, due to its impulsive nature, excess •4C has very steep initial spatial gradients. In October, 1963 near the peak at midlatitudes, the mixing ratio decreases in the vertical by more than a factor of two per atmospheric scale height away from the peak. At this time there is also a large gradient in the horizontal dimension. The column densities above 10 km at the north pole, equator, and south pole are in the ratio 10:3:1.3 (see Figure 9) . Thus, the degree of latitudinal con- ber of runs will be made to test the sensitivity of our results to variations in advection and horizontal eddy diffusivity (Kyy). Upper limits on K.... can be set. Finally, the interaction between •4C and the surface will be explored in our model. As we shall see, our major contributions will be sensitivity studies of two-dimensional transport modeling in the lower stratosphere. We find that simulation of the removal of excess •4C from the stratosphere requires Kyy values which are larger in the extratropics than in the tropics, and that K.... < 104 cm 2 s -• in the lower stratosphere. Furthermore, our sensitivity studies indicate that tropospheric removal (at the surface) must be significantly faster in the northern hemisphere than in the south.
MODEL DESCRIPTION
The meridional coordinate that has been adopted in the two-dimensional model is y = aS, where a is planetary radius, and 8 is latitude defined to be -90 ø at the south pole and 90 ø at the north pole. For vertical coordinate we choose z = H ln(ps/p), where p is pressure, p8 is surface pressure, and H is a fixed constant. The constants p, and H are set equal to 1000 mbar and 7 km, respectively, in this paper.
We also use the dimensionless coordinate f = z/H. For the studies reported here, the transport code ( That circulation can also be independently specified, which is the option taken in this paper. Table 2 . We show that the data require a variable Syy which is smaller in the tropics and larger at higher latitudes, consistent with the predictions of Yang and Tung [1989] . This is the first time that excess •4C has been modeled from its source in the stratosphere to its ultimate sink on the surface. The deposition velocities, empirically derived in this study, are generally consistent with the rate of exchange between the atmosphere and the ocean, although a slight asymmetry between the hemispheres is puzzling (see Table 3 ). This opens up an exciting possibility of tracing the ultimate fate of excess •4C to its biospheric sinks on land and in the oceans.
